Abstract
Introduction
Convergence has become a key word in all industries recently. From a business-sector point of view, the convergence between existing and emerging technologies such as broadband, mobile, and broadcast networks is considered a promising opportunity to expand market size and create new markets. From the viewpoint of the consumer sector, convergence provides a good opportunity to adopt new services [2] . The most noted case, Internet Protocol Television (IPTV), is a convergence of media and IT in Korea. The reason for its notability is that broadcasting is under the influence of IT technology development, such as broadband, digitalized, interactive and other types of trajectories. As developing technologies, mobile handsets provide freedom of mobility, and TV over IP provides freedom of when to watch a particular content. A combination of mobile handsets and IPTV has created a new technology, mobile IPTV. Of course, there are still some technological problems that have yet to be resolved. [3] The present IPTV technology doesn"t offer customized broadcasting for use anytime, anywhere. IPTV, as a web TV, does not have mobility, but it does have an abundant amount of content. Digital multimedia broadcasting (DMB), as a mobile TV service, offers mobility, but with limited content. In 2012, mobile IPTV will provide both mobility and content to users. It is an interim result of IPTV development, and a step toward a genuinely ubiquitous IPTV. Also, IPTV is currently entering the media market and expanding step by step. Under this situation, we doubt whether mobile IPTV will catch on in a large market as a killer application of the next convergent network in 2012. Therefore, we are studying customer adoption patterns and a similar competitive service structure for mobile IPTV market forecasting precisely. The results of our mobile IPTV market study can provide intuitions of a future direction to technology developers, market researchers, and firm mangers [4] .
According to earlier studies on the customer adoption of IT technologies, many researchers used the theory of reasoned action (TRA) and the technology adoption model (TAM). The TRA and TAM models are robust and powerful. TAM is a proper model for studying adoption patterns controlled by technology attributes only because its important factors are its usefulness and ease of use. However, TAM is not sufficient for studying the mobile IPTV market. Users must make a comparison of the utility of other similar technologies because mobile IPTV is a mediator in the trajectory of IPTV technology, and is a convergent technology of telecommunications and broadcasting. In other words, user-adoption will be affected by the competition of similar technologies more than by technological superiority. In this paper, we suggest a new model that is proper for convergent and evolved technologies, called a convergent evolved technology adoption model (CE-TAM). CE-TAM includes three stages: (1) new technology adoption, (2) continuous usage intention of similar technologies, and (3) user choice of the compared relative attractiveness between new and old technologies. Owing to a compared decision process structure in CE-TAM, we will obtain the results of new technology adoption itself, and the effects of other technologies adopting it. The differences of the suggested model and the existing TAM are that our model follows up the customer choice decision process and provides greater implications of the relation of competitive technologies through user adoption patterns. In the next section, we analyze mobile IPTV adoption, forecast a market construct using CE-TAM, and obtain the implications from empirical study.
Evolution of Media Technology: Mobile IPTV
The future of IPTV will be a convergent service platform to offer an open personal media networking function. One of the driving forces in developing IPTV is a change in network carrier. In the past, only voice records were carried on a network. According to the development of network technologies, broadcasting contents with voice, data, and moving pictures are now possible to be carried. [3] [5] Figure 1 shows a technology roadmap of IPTV followed by a development of network technologies. The present IPTV is a first-generation technology that offers streaming TV on the Internet. The second-generation IPTV will be an open technology that offers various applications and high-quality broadcasting services through a convergent network regardless of the handset type. We call the second generation IPTV, mobile IPTV. The third-generation IPTV will offer 3D and ultra-high definition (UHD) quality TV for a feeling of greater realism on a ubiquitous network. To realize the next IPTV technologies, advanced-BCN, 4G all-IP, and super high quality-image processing are being studied and will be commercialized within a few years. In 2020, personalized TV services with greater realism will be used irrespective of time, place, and media handsets.
Gartner reported that the world market share of IPTV would be $7.6 billion in 2009, expanding to $19 billion in 2012, with the relative equipment market being $5.2 billion in 2010. To catch the rapidly expanding market of IPTV, superior technologies and correct market analyses are key success factors.
Research Model and Hypotheses

Theoretical Background
When a new technology emerges in a market, customers will either adopt it or not. If a technology is a convergent and competitive one, the process of customer choice will be complicated. Customers must consider not only other similar technologies and market conditions but also the technology attributes. We explain this situation using a new technology adoption model with a network effect [6] , [7] . When a new technology emerges in a competitive market with similar technologies, there are two possible consumer choices: (1) adoption of the new technology, including a transition period, or (2) retraining in the previous technology. In Fig. 2 , we explain the process of new technology adoption by consumers under a competitive market. Consumers compare the utility of the previous technology with that of the new one. If the utility of the previous technology is larger, customers will choose to retain it. If the utility of the new technology is larger, customers will choose to transition to that new technology. There have been previous studies on technology pre-and post-adoption models such as TRA [8] , TAM [9] , extended TAM [10] , expectation confirmation paradigm (ECP) [9] , information servicepost adoption model (IS-PAM) [11] - [15] and so on. However, these studies have a limitation in explaining the adoption of a convergent evolution technology. They partially explain only new technology adoption, as in step 1" in Fig. 2 , or old technology retention, as step 2. They don"t fully explain the adoption considering the relationship between new and old technologies. Therefore, we suggest a new adoption model for a proper converging of technologies in the next section.
Research Model
According to the results of a mobile IPTV adoption study [16] , users who have experience with multimedia technologies, such as wireless multimedia services in a next-generation network (NGN) such as WCDMA or HSDPA, mobile TV (DMB), or web TV (IPTV), demonstrate different adoption patterns as a moderator effect. If we expect to obtain precise results of mobile IPTV adoption, we must use the following research model, CE-TAM, which is used to simultaneously study the adoption of a new technology adoption and the user attitudes of prior similar technologies. CE-TAM includes the three stages shown in Fig. 3 . As a post adoption stage, we analyze a user"s continuous usage intention of a previous similar technology in the first stage. The theoretical background of the first stage is based on PAM and ECP [14] . The second stage is a pre-adoption one. In this stage, we study the new technology adoption based on extended TAM [17] - [19] . The third stage is a bridge that connects the post-and pre-adoption stages with relative attractiveness (RA) factor between a new technology and old [20] - [28] . In our suggested model, RA is the key analysis factor. RA has a composite effect that mixes up user attitudes between an old technology and new one. RA is the factor that finally affects a user"s behavioral intention of a new technology. Analyzing mobile IPTV adoption modifies the general CE-TAM in the following manner: (1) similar technologies are defined as mobile multimedia services on NGN in the postadoption stage, and (2) environmental factors are defined as flow experience, perceived enjoyment, and social norm in the pre-adoption stage.
Research Hypotheses
Hypotheses of the Post Adoption Stage
Existing studies have tended to investigate the individual"s decision to initially adopt a new technology. Less attention has been paid to a post-adoption environment where individuals decide between continuing and discontinuing the use of a certain technology [14] , [19] . Owing to the significant influence of continued usage on the long term viability of a technology, it is important to research the factors that influence an individual"s post-adoption behavior [12] , [14] , [19] , [29] . The study of post adoption is more important as competition among similar technologies becomes more deeply sharpened. If a customer has a high usage intention of a previous technology, it affects the adoption of a new one that offers the same utility to the customer. In this stage, we verify the continuous usage intention of a previous similar technology. Prior technology use experience directly affects the satisfaction and continuous usage intention of a technology [11] , [13] , [14] , [20] . Our hypotheses are as follows. H 1. Outcomes given similar technology affect satisfaction. H 2. Satisfaction with a similar technology affects continuous usage intention.
Hypotheses of the Pre Adoption Stage
In this stage, we verify the adoption of a new technology, mobile IPTV, using an extended TAM. The original TAM model suggested by [9] does not adapt fully to the field of Mobile IPTV, because TV programs provide entertainment and usefulness at the same time. In other words, users of mobile IPTV will expect to receive information, entertainment, and enjoyment anytime, anywhere, and on any device. These purposes are different from those of information systems that increase performance. Considering the difference between a general IS and mobile IPTV, this study proposes a model extending TAM to predict customer adaptive behavior. Based on the simple TAM model, we added some environmental factors: flow experience, perceived enjoyment, and social norm.
According to prior studies, PEU and PU were directly or indirectly related to behavioral intention [9] , [12] , [30] , [31] . PEU was defined as the degree to which a person believes that using a particular system will be free of effort. PU was defined as the degree to which a person believes that using a particular technology will enhance his or her performance based on the definition in [9] . In the case of mobile IPTV, the effort saved due to an improved ease of use will enable a person to use a new service conveniently and frequently. Therefore, PEU is expected to have a positive effect on PU in the context of mobile IPTV. PEU and PU jointly have an effect on attitude. The easier a technology is to use, the greater should be a user"s sense of efficacy and personal control. Therefore, PEU is expected to have a positive effect on attitude. As in previous studies, PU is one of the most important variables that exhibit a stronger and more consistent relationship with attitude and usage behavior [9] , [10] , [12] , and [30] . The following are hypotheses of the pre-adoption stage.
H 3. PEU of mobile IPTV affects PU of mobile IPTV H 4. PU affects user attitudes toward using mobile IPTV H 5. PEU affects user attitudes toward using mobile IPTV
We will now examine the environmental factors and make some hypotheses. Mobile IPTV will be a convergent media service using telecommunications networks. We focus on the adoptive factors, not only of a media aspect but also network aspects. The reason for this is that mobile IPTV as a media should give all users entertaining content. In other words, the purpose of using mobile IPTV will be to receive enjoyment, a killing-time effect, and data services anytime, anywhere, and with any device. We have tried to verify which media factors, such as flow experience and perceived enjoyment, affect mobile IPTV adoption. Flow experience has been defined as a holistic experience that people feel when they act with total involvement [31] . When people are in a flow state, they become totally involved in their activity and are unable to recognize changes in their surroundings. Perceived enjoyment has been defined as the extent to which the activity of using a technology is perceived to be enjoyable in its own right, apart from performance consequences that may be anticipated [32] .
The easier a technology is to use, the greater should be the user"s flow experience. As users are in a flow state, they can easily feel enjoyment from mobile IPTV. Many studies have shown a positive relationship between flow experience and human behavior [31] - [37] . These studies have shown that perceived enjoyment positively affected a user"s attitude toward using a personal website, WWW, interactive TV etc. In the case of interactive TV, in particular, TV characteristics include enjoyment of use and an ease in inducing interest [32] . Perceived enjoyment is theorized to positively influence attitude. Furthermore, the fundamental purpose of TV is pleasure and enjoyment. This means that perceived enjoyment affects positively perceived usefulness [33] . To verify these facts, the following hypotheses are established: H 6a. PEU of mobile IPTV affects flow experience. H 6b. Flow experience affects perceived enjoyment. H 7. Perceived enjoyment of mobile IPTV affects PU. H 8a. Flow experience affects attitude toward using mobile IPTV. H 8b. Perceived enjoyment affects attitude toward using mobile IPTV.
Studies after TRA [8] have verified that subjective norm has a direct influence on attitude and behavioral intention. Subjective norm has been defined as one"s perception that most people who are important to him/her think he/she should or should not perform the behavior in question [8] , [31] . Mobile IPTV is a kind of network service and has a network effect. A network effect depends on social perception. Since mobile IPTV is a network service, this social influence will affect attitude and behavioral intention [12] . Therefore, we make the following hypothesis: H 8c. Subjective norm affects the behavioral intention to use mobile IPTV.
Hypotheses of the Bridge Stage
This paper assumes that when choosing a new technology, the customer compares the utility of the new technology with their satisfaction of the utility of the previous one [6] , [12] , [27] , [28] . The bridge stage explains a comparison mechanism between new and previous similar technologies. The parameter factor is a relative attractiveness (RA), which indicates whether a new technology is better than an old one. RA has a relation with satisfaction and continuous usage intention [21] . This factor is positively affected by an attitude toward a new technology [35] . On the other hand, the factor is negatively affected by satisfaction and continuous usage intention of previous technologies because we assume that a new one is a good thing [36] - [39] . RA affects the satisfaction of a previous service, and this relation has an indirect effect on continuous usage intention [23] . In the case of high RA, we assume that the attitude toward a new technology is positive, the satisfaction and continuous usage intention of the previous service is negative, and the relative attractiveness regarding the satisfaction of the previous technology is positive. The expected results come from our assumption that the new technology is better. However, if the old one is better, the hypotheses would be reversed from positive to negative. Finally, there are direct positive effects between a high relative attractiveness and the behavioral intention of a new technology [26] , [28] . The following are our hypotheses.
H 9. The attitude toward using mobile IPTV positively affects relative attractiveness. H10. Continuous usage intention for a similar technology negatively affects relative attractiveness. 
Results
Research Method: Data Collection and Measurement
In this paper, we analyze the adoption pattern of mobile IPTV as a convergent evolved technology by forecasting previous similar technology"s competitive structures and considering user experience with them. We conducted an online survey (www.pollever.com) to verify the research model from the 5th of May to the 15th of June, 2007. There were a total of 502 respondents, consisting of potential mobile IPTV users who had experience using the media services on NGN. Table 1 explains the respondents" general profiles. The research questionnaire had seven constructs in three parts: first, the post adoption stage had outcomes (5 questions), satisfaction (5), and continuous usage intention (3) constructs to similar technologies; second, the pre-adoption stage had PU (6), PEU (4), FE (4), PE (4), SN (5), attitude (6) , and BI (3) constructs; and third, the bridge stage had relative attractiveness (5) . The questionnaire used a seven-point Likert scale ranging from "disagree strongly" (1 point) to "agree strongly" (7 points). The questionnaire was developed to explore the relative importance of these 11 constructs based on a synthesis of previously published investigations, which were revised and extended as appropriate for the current topic. We showed a technology demonstration program before the questions were answered in order to help the respondents understand the new technology of mobile IPTV. 
Data Analysis and Testing
SPSS Windows 15.0 and AMOS 7.0 as a statistic package are used for analysis. We followed the two-stage methodology of [40] : we examined a measurement model to measure the convergent and discriminant validity, and verified the structural model to analyze the strengths and direction of the relations among the theoretical constructs.
Analysis of the Measurement Model
The authors in [41] suggest using both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) for assessing the construct validity. We analyzed the measurement model by dividing it into two parts as our research model has three parts, post-adoption, pre-adoption and a comparison process.
Cronbach"s alpha scores from EFA analysis shown in Table 2 indicate that each construct has strong internal reliability. There are three criteria that verify the convergent validity using CFA [42] 
variance extracted (AVE) per construct should exceed the variance due to the measurement error of the construct [43] . All of the factors in our research results exceed 0.8 because AVE values are high, over 0.9. Another criteria used is a squared multiple correlation (SMC)>0.5 based on [44] . In the model, SCM values of most items exceed 0.5, and the highest value is 0.89. The three previous technology cases have a similar data pattern. Finally, we eliminated 5 items: PU1, PU5, SN1, SN2, and SN3 below 0.5. All values in the CFA of the measurement model exceed 0.5 and are significant at p=0.001. AVEs ranging from 0.90 to 0.97 are greater than the variance. Therefore, all conditions used to verify convergent validity are met. The discriminant analysis means the extent to which a concept and an item"s indicators differ from another concept and another item"s indicators [43] . To analyze the discriminant validity, the correlations between items in any two constructs should be lower than the square root of the AVE [42] . As shown in Table 3 , all values of correlations are lower than AVE, as our measurement model satisfies the construct validity. 
Analysis of the Structural Model: Hypotheses Testing
The purposes of this paper are to verify the CE-TAM structural model and to obtain the managerial implication of mobile IPTV user adoption patterns considering other previous technology competitive conditions. To analyze CE-TAM for mobile IPTV, we assume a competitive mobile multimedia service technology: NGN (HSDPA, WCDMA). Table 4 summarizes the results from the structural model test. The effect of the explanatory variables in the research model is represented by the path coefficients. We assess the overall goodnessof-fit using a chi-square test. Due to its tendency to be sensitive to the sample size, other fit indicators are considered using the chi-square. When analyzing the structural equation modeling in this paper, the indicators of model fitness used are a ratio of chi-square to degree of freedom 2/df), goodness-of-fit index (GFI), comparative fit index (CFI), normed fit index (NFI), relative fit index (RFI) and root mean square error of approximation (RMSEA). Most of model fit indicators are appropriated to show a good model in CMIN/DF, CFI, NFI, RFI, and RMSEA. GFI values are around 0.8. When we decide to choose the structural model, various indicators are considered together. There is no indicator superior to others, and the level of 0.8 is acceptable in social behavior studies [45] , [46] .
Fig 4. Results of structural modeling analysis
As a result, our research model and data analysis results are suitable to explain mobile IPTV adoption and forecast the competitive structure. We test our hypotheses using the suggested CE-TAM and analyze data according to an SEM approach. Figure 4 presents the results of the structural model with non-significant paths as dotted lines and standardized path coefficients between constructs. The hypotheses H6b and H11 are rejected. Other hypotheses are accepted with significant levels of over 95%. The attitude of Mobile IPTV adoption is directly affected by PU, PEOU, PE, and SN. Attitude affects the relative attractiveness with continuous usage intention to a previous similar technology. Finally, RA affects behavioral intention to buy mobile IPTV. In particular, we find an indirect effect root to be meaningful in explaining the user decision process to buy a convergent technology. In the comparison of technologies step, relative attractiveness is positively affected by the new technology"s attitude, and negatively affected by the previous technology"s continuous usage, giving an effect of to the satisfaction of previous technologies.
Conclusions
Most adoption studies are not proper models to explain convergent technologies, because they verify the factors of technology oriented attributes. [47] They ignore other technologies such as converged or competitive ones. Although the relation among competitive technologies is a very important factor to decide whether to adopt a new technology, this is neglected in studying a technology adoption model. In this paper, we define the user comparison decision-process with the RA factor. In our empirical study of mobile IPTV, we obtained new findings. The first finding is a new indirect effect circle between a new and old technology. RA affects the satisfaction of the old one, and satisfaction affects its continuous usage. Lastly, continuous usage affects RA. The meaning of this finding is the need to study simultaneously new and old technology adoptions because we prove the existence of interactive effects between them. The second finding is the new RA factor"s role as a mediator between attitude and behavioral intention. In prior studies, there is a problem in not definitely classifying attitude and behavioral intention because of the similarity between the two factors. However, if the RA factor is employed as a mediator, the problem is solved, and the two factors retain their respective meanings. In the third finding, we explain the substitute of technologies if there is a negative effect between RA and continuous usage intention. Negative effect means a user prefers a new technology to an old one. Thus, users quickly stop using the old one and transit to the new one. Furthermore, the degree of negative effects means the strength of substitution effects. If there is a positive effect, we explain it as the reverse of a negative case. In the aspect of mobile IPTV adoption, enterprisers take an interest in the Perceived Enjoyment (PE) factor. We set up the PE factor and flow experience (FE) factor to explain the media attribute of mobile IPTV. After testing our hypotheses, the PE factor was found to be very important because it has direct and indirect effects on attitude. However, FE was verified as an important factor to explain fun technologies like online games. There is no direct effect on attitude in the case of mobile IPTV. FE only has an indirect effect through PE.
The study offers insight into user perception and behavior with respect to new convergent evolved technologies. In line with prior studies, we found that the RA factor is a critical one to explain the relation of technologies in post-and pre-adoption. Further, we created an integrated research model, CE-TAM. Using this integrated model, we studied the use adoption of mobile IPTV and found two implications: one is an adoptive implication of mobile IPTV, and the other is a market competitive implication. In particular, we infer and forecast the future market competitive structure from a bridge stage of CE-TAM. We hope that future research will be used to show that these implications are genuinely meaningful in the real market in comparing the results of CE-TAM and customer choice probability of new and old technologies. If this study succeeds, CE-TAM will be verified as a useful methodology to explain new convergent evolved technology adoption.
